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7. SUMMARY
The Menomonee River watershed has been instrumented to allow main—stem
and tributary monitoring at 15 locations. Furthermore, three of these and
seven otherstudy sites have been delineated which permit collection and
analysis of drainage water from areas of predominantly one land use. An
overland flow model (LANDRUN) has been developed, calibrated and verified
for three subwatersheds in the Menomonee River basin. Detailed land use
inventories (Southeastern Wisconsin Regional Planning Commission -SEWRPC)
are available for 1970 and 1975 allowing a capability for examining the
impact of changing land use patterns on pollutional loadings. A prediction
of land use changes planned to the year 2000 will be used to expand the time
frame for the interpretation of changing land use patterns as they affect
Great Lakes pollution. The land use inventory allows mapping in 42 land-
use categories but these have been consolidated into 13 categories for
the PLUARG investigation.
The watershed has been segregated into 48 subwatersheds and land use
and physical characteristics information is available for each subwater-
shed. The subwatersheds, average 800 ha (range 500 to 1,600 ha) in size,
are being evaluated for pollutional hazard by the LANDRUN model allowing
principal pollutional sources in the watershed to be delineated. In the
Menomonee -as in most other urban areas in the Great Lakes basin -stream
channel modifications have taken place to allow rapid transference of
water to the lake to decrease flood hazards. Because of this, the importance
of pollutant transmission, transformations and delivery ratios in the stream
are perhaps not important in the Menomonee River watershed and other urban
areas in the Great Lakes basin.
Data is presented on annual, seasonal and unit area loadings at the
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the 13 land use categories has been determined and a hazard scale for land
use has been developed. A discussion of the physical characteristics and
of the composition and particle size distribution of soils and bottom and
suspended sediments in the basin is presented. The importance of this
information in the development of remedial management strategies is
presented and an evaluation of particle size distribution and dispersibility
of sediments is used to shed some light on pollutant availability in the
river and lakes.
Quality of groundwater in the basin has been measured and pollutional
inputs from atmospheric sources have been evaluated. Areal imagery
has been utilized to determine ground cover in the basin and the transfer-
ability of this technique to other urban centers has been tested. Some
attempts to establish a biological indicator of pollution have had only
limited success.
The importance of the Menomonee River watershed data in meeting the
goals of PLUARG are discussed and the extent to which Menomonee River
watershed information and methodology is transferable to other sectors of
the Great Lakes basin is realistically evaluated.
 8. INTRODUCTION
Concern
for
the
effects
of various
land
use activities
on Great
Lakes
water
quality
has
prompted
the
governments
of
the
United
States
and
Canada,
under
the
Great
Lakes
Water
Quality
Agreement
of
April
15,
1972,
to
direct
the
International
Joint
Commission
to
conduct
studies
of
the
impact
of
land
use activities
on
the
water
quality
of
the
Great
Lakes
Basin and
to
recom—
mend
remedial
measures
for maintaining
or improving
Great
Lakes water
quality.
To effect this undertaking,
the International Joint Commission,
through the Great Lakes Water Quality Board, established the International
Reference Group on Great Lakes Pollution from Land Use Activities
(PLUARG).
The Reference Group developed a study program which consisted of four
major tasks.
Task A is devoted to the collection and assessment of manage—
ment and research information and in its later stages,
to the critical
Ianalysis of implications of potential recommendations.
Task B requires
the preparation of a land use inventory, largely from existing data, and
secondly, the analysis of trends in land use patterns and practices.
Task C is the detailed survey of selected watersheds to determine the
sources of pollutants, their relative significance and the assessment of
the degree of transmission of pollutants to boundary waters.
Task D is
devoted to obtaining supplementary information on the impacts of materials
to the boundary waters, their effect on water quality and their signifi-
cance in these waters in the future and under alternative management
schemes.
The Task C portion of the Detailed Study Plan includes intense
investigations of watersheds in Canada and the United States which are
representative of the full range of urban and rural land uses found in the
Great Lakes Basin. A Task C Technical Committee and a Synthesis and
Extrapolation Work Group have been established by PLUARG and assigned
primary responsibility for developing and conducting the pilot watershed
studies. The Menomonee River watershed was selected for the study of the
effects of urban-residential land uses undergoing rapid change.
The Wisconsin Department of Natural Resources (WDNR), the University
of Wisconsin System through the Water Resources Center (UW—WRC) and the
Southeastern Wisconsin Regional Planning Commission (SEWRPC) serve as the
 lea
d
age
nci
es
or
org
ani
zat
ion
s
res
pon
sib
le
for
con
duc
tin
g
the
int
ens
ive
stu
dy
of
wat
er
qua
lit
y-l
and
use
rel
ati
ons
in
the
Men
omo
nee
Riv
er
wat
ers
hed
.
The principal functions of theSe agencies are:
a.
Wis
con
sin
Dep
art
men
t o
f N
atu
ral
Res
our
ces
:
The
WDN
R i
s t
he
lead agency and as such, administers the total study including
coordination of activities associated with the Menomonee River
Study and submission of reports to the U.S. Environmental
Protection Agency and PLUARG. WDNR also provides laboratory
support for the monitoring program to be conducted in the
Menomonee River basin.
b. University of Wisconsin System: The UW-WRC has conducted
special studies of selected land use activities and provided
interpretation and assessment of monitoring data through develop—
ment of land use-water quality models.
c. Southeastern Wisconsin Regional Planning Commission: The
SEWRPC has provided background inventories on land use activities
and projected land use patterns from its current Menomonee River
planning program and developed a computer file of all data and
information applicable to the study.
The 35,483 ha Menomonee River watershed is located in the south—
eastern corner of Wisconsin and discharges to Lake Michigan at the City
of Milwaukee. This highly urbanized watershed encompasses all or parts of
four counties and 17 cities, villages and towns and currently contains a
resident population of about h00,000 persons (12 persons/ha). Existing
urban land uses range from an intensely developedcommercial-industrial
complex in the lower quarter of the watershed to low to medium density
residential areas in the center half of the watershed, while the upper
quarter is in the process of being converted from rural to urban land use,
as reflected by scattered urban development. The irregular topography of
the watershed results from the effects of glaciation. HeterogeneOus
glacial drift coversthe entire watershed and the dominant soil types tend to
be poorly drained. The long-term average dischargefrom the watershed is
2.2 m3/sec but flood flows as high as 500 m3/sec have been recorded. The
basin has a typical humid climate, with mild summers and cold winters. The
annual aVerage temperature is 10°C with mean daily temperatures ranging
from -6°C in January to 21°C in July. Annual averageprecipitation is
79 cm (100 cm of snow).
Several key factors entered into selection of the Menomonee River
watershed. Not only is the watershed highly urbanized, but the watershed
and contiguous lands contain a full range of urban uses including low to
high density residential areas, extensive commercial and industrial tracts
and a considerable amount of land devoted to transportation facilities.
The high degree of diversity of urban land uses in this watershed is
reflected-by the existence of combined and separate sewer systems. A
dynamic dimension is added by the rapid development occurring in the upper
quarter of the basin where agricultural land is being converted to urban
land uses. A unique facet of the Menomonee watershed stems from the
proposed plan to remove all municipal point sources of pollution by 1983,
at which time the effects of land use on water quality will arise almost
entirely from diffuse sources. Thus, of the major watersheds chosen for
intensive study in the PLUARG program, the Menomonee watershed serves as
the focus of investigations on the impact of urban land uses on water
quality.
 
9. DATA COLLECTION METHODS
The data collection techniques used to investigate the pollutant
contribution to surface and groundwater from land use activities rely on
monitoring the amounts of certain constituents in surface water runoff,
groundwater and the atmosphere (geohydrochemical cycle). Monitoring in
some phases of the study were initiated in 1975 and all phases were
operational by 1976.
The watershed has been instrumented to allow mainstem and tributary
monitoring at 15 locations (12 of the stations are automated and three
are grab sampling stations). Furthermore, three of these and seven
other study sites have been delineated which permit collection and
analysis of drainage water fromareas predominantly in one land use.
Seventy-five runoff events were monitored at the river stations and 57
at the specific study sites during 1976 and this effort is continuing
through 1977. Base flow has been monitored to determine the relative
significance of base flow to event loadings. Eight rainfall gauges in
the watershed are positioned to allow correlation of rainfall intensities
with measuredpollutant loadings.
Dry and wet atmospheric fallout of material is being measured in the
watershed. Rainfall is collected in Wong automatic samplers and analyzed
for nutrients and toxic metals. Two cascade impactors are used to obtain
particle size segregation of dry fallout which provides some limited
information on sources of atmospheric pollutants.
Thirty-eight observational wells have been established in the water—
shed as part of the groundwater study. Monthly water samples are collected
and analyzed for dissolved nutrients and metals. The groundwater flow
system has been defined in the vicinity of the Menomonee River and an
assessment of pollutant movement fromthe river to groundwater or from
groundwater to the river has been made.
The data collected allows sources of pollutants in the watershed to
be delineated using the LANDRUN overland flow model. The data also is
used to calibrate models to assist in the assessment of the factors which
principally influence pollutant loadings to Lake Michigan.
  
lO. EXPERIMENTAL RESULTS
This
section consists
of
data summaries
that
are
generated
from
the
Menomonee
River
Pilot Watershed
Study.
These
data
are generally
available
in each
of
the Watershed
study
groups
to allow
comparison
of results
to be
made
between watersheds.
Data assessment
is by
no means
complete
at
this
time and information that is to be added in the final summary report is
indicated in many of the tables.
The data summaries are presented in log-
ical order as follows: land use and land use practices; key parameters
that are identified to be the main land—derived pollutants in the Great
Lakes Basin,
annual and seasonal loading data from the river mouth and
predominant land use areas; physical characteristics of the watershed in-
cluding soil type,
slope and imperviousness; and particle size distribu-
tion and composition of soils and sediment in the watershed.
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The characteristics of the land surface within a watershed are a
major factor in determining the type, volume and timing of diffuse source
pollution. The results of a 1970 and 1975 land use inventory for the
Menomonee River watershed are summarized in the form of 13 aggregated land
use categories in Table 1. Earlier discussions with principle investiga—
tors on Task C projects had indicated thata ten land use category would be
adopted throughout the Great Lakes basin. However, additional categories
were required within the Menomonee River watershed to more completely
describe the land uses within the basin. Eleven of these aggregated land
use categories for 1975 data are used in the LANDRUN model to develop a
relative degree of hazard ranking for suspended solids, total phosphorus
and lead loadings for the watershed as described in section 10C-
During 1975 approximately 49% of the land surface of the watershed
was devoted to urban land use with the dominate land use being commercial.
Within the rural land use, row crops are the dominant land use.
Urban and rural land use arenot uniformly distributed over the
watershed. Urban land uses are predominantly concentrated in the downstream
or southern half of the watershed whereas rural land uses are found
primarily in the upstream or northern half of the watershed.
The Menomonee River watershed has undergone a drastic change in land
use over the last 20 years. From 1950 to 1970, a 42% increase in population
was accompanied by a 156% increase in urban land use. It is expected that
development will continue in the watershed but hopefully predicated on plan-
ning recommendations of the Southeastern Regional Planning Commission.
Other land factors such as, soil type, slope, imperviousness and the
type and degree of land management also affect the diffuse source pollution
loads. These physical characteristics of the watershed are presented in
Section 10D.
Fig. l and Table 2 show the location and associated land uses for the
monitoring stations within the watershed. This table allows a rapid evaluation
of the distribution of the different land uses at each monitoring station.
It should be noted that the first three stations have been aggregated
under one land use breakout since the land uses were not deter-
mined for each of the stations. Summation of the individual land use
 Table 1. Urban and rural land use inventories for the Menomonee River watershed in 1970 and 1975 as
determined by the S. E. Wisconsin Regional Planning Commission
 
Area, ha Distribution, Z
Land use category* Type of land use 1970 1975 1970 1975
URBAN LAND USES
1. Industrial Manufacturing and extractive 588 612 1.68 1.74
2. Commercial Retail, wholesale, service, 6,612 6,542 18.8 18.5
transportation, communication
and utilities**
3. High—density Multi—family and mobile homes 332 429 0.94 1.22
residential
4. Medium-density Two—family and 50% of single 4,035 4,493 11.5 12.7
residential family dwellings
5. Low—density 50% of single family dwellings 3,556 4,174 10.1 11.8
residential and all farm buildings except
feedlots
6. Land under ) Residential 824 711 2.34 2.02
development ) All other types 199*** 205 0.57 0.58
SUB TOTAL - Urban 16,146 17,166 46.0 48.6
RURAL LAND USES
7- ROW crops Row crops and vegetables 5,491 4,809 15.6 13.6
8. Pastures and Grain crops, hay 10,533 9,945 30.0 28.2
small grains pasture, park and recreational
land, governmental and
institutional** and unused land
9.
Fore
sted
land
s
Wood
land
s,
orch
ards
and
1,67
7
1,97
0
4.77
5.58
and woodlots nurseries
10.
Wetl
ands
Swamp
s, m
arsh
es a
nd w
etla
nds
997
1,070
2.84
3.03
11.
Feed
lots
Feedl
ots
39
32
0.11
0.09
12.
Landf
ills
and
Landf
ills
and
dumps
'
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0.29
0.34
dumps
13.
Wate
r ar
eas
Lake
s, r
iver
s, s
trea
ms a
nd c
anal
s
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0.41
0.53
SUB TOTAL - Rural 18.983 18.131 54.0 51.4
ToxA
L -
Wate
rshe
d+
35,12
9
35,29
7
100
100
*Lan
d us
e de
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s wi
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RG
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e.
**In
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ters
hed
most
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ngs
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e,
open
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d ar
e in
clud
ed i
n Ca
tego
ry 8
. I
n ot
her
wate
rshe
ds w
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thes
e bu
ildi
ngs
are
asso
ci-
ated
with
a co
mmer
cial
dist
rict
, t
hey
are
bett
er i
nclu
ded
in C
ateg
ory
2.
***E
stim
ated
by
taki
ng
rati
o o
f r
esi
den
tia
l t
o ot
her
type
s o
f l
and
unde
r d
evel
opm
ent
in
1975
.
+Th
e 1
975
data
are
mor
e a
ccur
ate
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aus
e h
ect
are
-si
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s we
re
summ
ed;
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data
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0.25 miz cells.
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Fig. 1.
Station locations within the Menomonee River watershed.
0 indicates stations monitoring drainage areas of multi-land
uses and A indicates stations monitoring drainage areas of
predominate land uses.
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STORET Land use category,** ha
Numb
er
Loca
tion
1
2
3
4
5
6
7
8
9
10
11
12
13
Tota
l
413012 Harbor at Hwy. 32 bridge
4130
13
Men
omo
nee
Rive
r (
M.R.
) a
t
60
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42
7
0
85
0
O
O
O
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4130
04
M.R.
abov
e 2
7th
St a
t
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4
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0
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y C
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m a
bove
24
778
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totals for the first 15 stations will approximately equal the total area of
the watershed. The remaining stations are contained within the drainage
areas of the first group. The drainage areas of the 15 mainstem stations
range in size from a maximum of 6,658 ha to a minimum of 179 ha with an
average of approximately 3,200 ha, allowing an initial segmentation of the
basin into 13 subbasins.
 B. KEY PARAMETERS
Following
a
series
of
meetings
with
participants
of
the
pilot
water—
shed projects
and
personnel
of
the EPA
laboratory
in Duluth,
Minnesota,
SEWG
identified
two major
types
of
pollution arising
from nonpoint
sources
in
the
Great
Lakes Basin,
namely,
nutrients
and
sediment which
accelerate
eutrophication of
the lakes
and
toxic
materials
which
constitute
a public
health hazard
and a
hazard
to
the biological
communities
of
the lakes.
The basic guidelines used in selecting key parameters for these types of
pollution are (l) the pollutant must be present in significant amounts
in the watershed and (2) it must
beamenable to remedial control measures.
The key parameters selected include suspended sediment; total phosphorus;
toxic metals primarily Pb, Cd, Cu, and Zn; and toxic organic materials
principally pesticides,
PCB, and phenols.
In the Menomonee River water-
shed study, other metals (Fe, Mn, Al, Ni, Cr, As, and Se) have been
monitored, however, some of them_are present in low concentrations while
others do not pose any health hazard.
Pesticides, PCB, and phenols have
been measured but then concentrations are generally below detection
limits making quantification of loadings difficult.
Pesticides may be a
local problem and the impact of their usage on the water quality of the
Great Lakes can be evaluated from the data obtained from the Mill Creek
pesticide study in Michigan.
Thus, the parameters deemed to be of greatest importance in the
Menomonee River watershed are: suspended sediment, total phosphorus and
lead.
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l—
able loading calculation methods are briefly evaluated and the process
for applying a stratified random sampling method is discussed.
Annu
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nd s
easo
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d un
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a
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the
appr
0pri
ate
diff
use
sour
ce l
oadi
ng d
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source loading.
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es w
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the Menomonee River watershed.
i. Loading calculation
The term "hazardous land use" is relative, being defined as a land
use from which significantly greater amounts of a pollutant are derived.
It is possible to calculate pollutant loads from land use activities in
a number of ways, however, it must bekept in mind that the estimates should
be unbiased, that is, on the average correct and capable of being statistically
compared, summed and assessed. Consequently, the method of calculating loads
should a) be consistent with the assumptions associated with the sampling
schemes that were used, and b) enable an estimate of the variance associated
with each load to be determined (to permit a statistical comparison).
Initially, loads for the Menomonee River watershed were calculated
using an "integration" method whereby loading values were possible only for
events for which concentration data were available. This "model" linearly
interpolated between measured concentration data points in order to assign
a concentration for each measured instantaneous flow. For events during
which extensive concentration information is available, this interpolation
routine can be a reasonable approximation of concentration variation over
time. For events with limited concentration information, the interpolation
routine can introduce unsystematic (and unquantifiable) variation. For
events with flow records for which there is no concentration information,
the integration method is not usable.
John Clark, IJC statistician, proposed (March, 1977, PLUARG Task C
Handbook Amendments) that a stratified random sampling model enhanced by a
ratio estimator be used for load calculations. The assumptions of the model
proposed by Clark are: a) simple random sampling of water quality withing
nonoverlapping subpopulations or strata, and b) use of available supplemental
population flow information for the several strata (rather than instantaneous
flow
s on
ly f
or t
hose
time
s wh
en w
ater
qual
ity
samp
les
were
take
n).
This
mode
l
was
use
din
a m
ann
er
con
sis
ten
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sch
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ed
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for the calculated degree of freedom for a 95% confidence interval).
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The statistical technique of stratifying subsample data was applied
in the calculation of loads in order to provide more precision in the
loading estimate for a particular parameter by clustering units which are
homogeneous in terms of concentration of that parameter. The underlying
assumption is that the population of all water quality concentrations of
the parameter of interest can be more accurately represented as the sum
of subpopulations, rather than as a single, homogeneous population. The
determination of strata was critical, since these strata reflected the
hypothesized (or observed) subpopulations of water quality concentrations.
Using a stratification scheme which included: (1) season, (2) event
versus nonevent within each season, and (3) high flow versus low flow times
within the events, loading estimates were calculated for the sampling
stations.
17
ii. Monitored annual, seasonal and unit area loading data
Annual and seasonal river mouth loadings of suspended sediment, total
phosphorus and lead determined at the 70th St. Station (413005), in 1975,
1976 and part of 1977 are presented in Table 3. The spring season was
determined by the period of high flows resulting from snowmelt and was
March 14 to June 1 in 1975, February 2 to June 1 in 1976 and March 3 to
June 1 in 1977; other dates defining summer, fall and winter were determined
by solar demarcation. River mouth loadings of suspended sediment and total
phosphorus were invariably higher in spring and summer than in fall and
winter. Seasonal loadings varied considerably between the years, nonethe—
less annual loadings of suspended sediment and total phosphorus were
similar for 1975 and 1976. Seasonal variability in loadings could be ac-
counted for by differences in rainfall distribution. The largest portion
of the annual loadings of suspended sediment and total phosphorus was gen—
erated during events. This leads to the conclusion that the point source
contribution of suspended sediment was insignificant and of total phosphorus
was small.
Loading values at the river mouth will be used to determine delivery
ratios for the watershed. In this context, delivery ratio is the ratio of
the amount of material arriving at the river mouth compared with the amount
of material generated at the source. Theprimary significance of the river
mouth loadings is to allow an assessment of their in—lake effects.
The river mouth loadings represent an integration of all pollutants for
the total range of land use activities in the basin. As such, these data
are of no value in defining those areas, land uses or land—use practices
which are of particular hazard to Lake Michigan. The seasonal unit area
loadings at each of the main stem river stations (Tables 4, 5, 6 and 7) and
at those stations draining an area of predominantly one land use (Tables 8,
9 and 10) allowed an initial segregation of the watershed into 13 subwater—
sheds of average area of 2,700 ha.
‘
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a m
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Table
3.
Event and total* loadings at the mouth (70th St) of the Menomonee River (413005)
  
Loading
category
Total, kg
Event, kg
Event,
kg/ha ‘
Total, kg
Event, kg
Event,
kg/ha
Tota
l, k
g
Event, kg
Event,
kg/ha
Winter
Spring
Summer
Fall
Annual
Sus. solids
1,260,000
(209,200)**
1,011,000
(182,900)
31
.4
(
5
.
7
)
17,520
(4,195)
i.d.
i
.
d
.
i.d.
i.d.
i.d.
Total phos.
4,740
(2,910)
i.d.
i.d.
543
(88)
i.d.
i.d.
i.d.
1.d.
i.d.
Sus. solids Total phos.
4,362,000 17,160
(954,100) (4,934)
4,095,035 i.d.
(953,700)
127.1
i.d.
(29.6)
22,250
(2,003)
7,964,000
(828,600)
7,423,000
14,788
(828,000)
(1,997)
230.4 .459
(25.7) (.062)
1,419,000
4,141
(265,900) (552)
1,308,000
1,772
(264,200)
(419)
40.6
.055
(8.2)
(.013)
Sus. solids Total phos.
1975
5,281,000
10,600
(1,037,000)
(2,095)
4,543,000
i.d.
(579,900)
191.0 i.d.
(18.0)
1976
1,392,00
0
3,772
(353,400
)
(547)
1,160,000
2,094
(338,300)
(451)
36.0 .065
(10.5) (.014)
1977
5,896,000
(938,100)
5,419,000
6,798
(924,700) (1,353)
168.2 .211
(28.7)
(.042)
9,
91
6
(1,405)
Sus. solids
Total phos.
623,600
3,524
(143,300) (1,808)
460,700
i.d.
(132,100)
14.3
i.d.
(4.1)
183,000
1,734
(60,990)
(380)
135,300
548
(54,770) (161)
4.2
.017
(1.
7)
(.
00
5)
i.d.
i.d.
i.d.
i.d.
i.d.
i.d.
Sus. solids
11,527,000
(1,415,000)
10,111,000
(1,143,000)
313.8
(35
.5)
9,556,000
(899,900)
8,722,000
(892,500)
270.7
(27.7)
Total
phos.
36,030
(5,394)
i.d.
i.d.
28,300
(2,100)
17,430
(2,062)
.541
(.064)
i.d.
i.d.
i.d.
*Total represents baseflow and event loads
**Va1ue in parentheses is the 95% confidence interval
4 d. Data insufficient for the determination of a seasonal load.
1
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 Table 4. Event unit loadings of suspended solids at main stem river stations
 
STORET Loadings, kg/ha
number Spring Summer Fall Total
1975
6730
01
36.7
(4.5
)*
3.6
(0.8
)
2.0
(5.7
)
42.3
(6.1
)
6830
02
43.2
(7.5
)
44.1
(19.
2)
6.8
(1.7
)
94.1
(20.
8)
6830
01
34.2
(21.
4)
71.5
(12.
8)
4.3
(1.2
)
110
(24.
7)
4130
08
238
(61.
7)
212
(50.
3)
46.4
(22.
5)
497
(81.
0)
4130
07
286
(74.
6)
178
(55.
7)
2.8
(9.1
)
466
(92.
8)
4130
06
288
(72.
1)
147
(24.
4)
45.9
(14.
7)
480
(77.
3)
413
005
127
(29.
6)
141
(18.
0)
14.
3
(4.1
)
282
(35.
0)
413
009
i.d
.
i.d
.
i.d
.
i.d
.
413
004
i.d.
13.
3
(9.3
)
i.d
i.d.
1976
673
001
12.
7
(3.
8)
0.2
(0.
1)
0.0
6
(0.
02)
13.
0
(3.
8)
683
002
36.
6 (
11.
4)
1.6
(1.
0)
0.1
(0.
1)
38.
3
(11
.5)
683
001
136
(36
.8)
6.0
(2.
7)
0.4
(0.
1)
143
(36
.9)
413
008
467
(13
1)
58.
1
(47
.6)
1.4
(0.
5)
527
(13
6)
413
007
133
(42
.7)
37.
9
(27
.2)
7.4
(6.
1)
178
(49
.5)
413
006
835
(14
9)
76.
7
(15
.1)
10.
0
(1.
9)
922
(15
0)
413
005
230
(25
.7)
36.
0
(10
.5)
4.2
(1.
7)
271
(27
.7)
413
009
130
(35
.4)
30.
3
(7.
8)
i.d
.
160
(36
.3)
413
004
266
(65
.8)
10.
0
(9.
0)
i.d
.
276
(66
.4)
1977
673
001
1.6
(0.
6)
13.
5
(9.
0)
i.d
.
15.
1
(9.
0)
683
002
7.5
(4.
6)
39.
1
(9.
9)
i.d
.
46.
6
(10
.7)
683
001
44.
5
(15
.0)
80.
6
(17
.2)
i.d
.
125
(22
.5)
41
30
08
95
.1
(26
.2)
18
0
(35
.2)
i.d
.
27
5
(43
.4)
413
007
26.
2
(11
.2)
84
(37
.8)
i.d
.
110
(39
.8)
41
30
06
12
9
(29
.7)
45
2
(62
.7)
i.d
.
58
1
(68
.7)
41
30
05
40
.6
(8.
2)
16
8
(28
.7)
i.d
.
20
9
(29
.8)
41
30
09
34
.4
(6.
6)
87
.6
(49
.8)
i.d
.
122
(49
.8)
413
004
36.
4
(28
.5)
97.
0
(26
.9)
i.d
.
133
(36
.9)
*
()
95
%
co
nf
id
en
ce
in
te
rv
al
i.
d.
Da
ta
in
su
ff
ic
ie
nt
fo
r
th
e
de
te
rm
in
at
io
n
of
a
se
as
on
al
lo
ad
 
  
Table 5. Event unit loadings of total P at main stem river stations
STORET Loadings, kg/ha
number Spring Summer Fall Total
1975
673001 i.d. i.d. i.d. i.d.
683002 i.d. i.d. i.d. i.d.
683001 i.d. i.d. i.d. i.d.
413008 i.d. i.d. i.d. i.d.
413007 i.d. i.d. i.d. i.d.
413006 i.d. i.d. i.d. i.d.
413005 i.d. i.d. i.d. i.d.
413009 i.d. i.d. i.d. i.d.
413004 i.d. i.d. i.d. i.d.
1976
673001 0.072 (0.012)* 0.004 (0.000) 0.002 (0.000) 0.077 (0.013)
683002 0.066 (0.043) 0.004 (0.000) 0.000 (0.000) 0.070 (0.043)
683001 0.50 (0.11) 0.030 (0.022) 0.003 (0.000) 0.54 (0.11)
413008 0.46 (0.15) 0.001 (0.000) 0.001 (0.000) 0.46 (0.15)
413007 0.31 (0.16) 0.006 (0.000) 0.004 (0.000) 0.32 (0.16)
413006 0.64 (0.48) 0.19 (0.12) 0.048 (0.009) 0.88 (0.48)
413005 0.46 (0.062) 0.065 (0.014) 0.017 (0.005) 0.54 (0.064)
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s o
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the
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par
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l p
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s o
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s o
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f p
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s o
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by natural drainage swales at stations 413625 and 683090 (statistical
anal
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a .8
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ith
the
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ds f
ract
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.
Other factors affecting pollutant concentrations are short term, either
temporal or seasonal. Most visibly are the effects of construction activi—
ties on suspended solid concentrations, such as at station 683089 in the
spri
ng o
f 19
77.
Thes
e sh
ort
term
acti
viti
es m
ay m
ask
long
er
term
diff
eren
ces,
as at station 413011 where the impacts of ongoing construction throughout
the study periodare impossible to separate from non-construction related
loads.
It is apparent that no blanket remedial policy based solely on various
types of land use is advisable. Rather, remedial measures should be oriented
both towards curtailing those short term activities or phenomena which
result in high pollutant concentrations, and towards those areas, which
 29
beca
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iii. Rainfall/Runoff relationships
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Table 13. Average runoff with rainfalls of various amounts
 
STORET Imperviousness, Connected
Number of storms Average runoff, Z for rainfall amounts of, cm
number Z Imperviousness, Z monitored* <0.5 0.5—1.0 1.0—1.5 1.5-2.0 2.0—2.5 2.5-3.5 >3.5
683089 50 45 19 28 24 37 39 28 30 24
413615 45 43 21 25 21 22 24 22 22 N.A.
413010 54 33
53 12 14 11 16 15 14 20
413034 74 32
14 N.A. 6 8 9 4 15 8
413011 35 28 52 11 17 22 17 31 26 29
413614
18
7
10
12 5
7 N.A. N.A. N.A. 14
683090
24
O
6
N.A. N.A.
6
4
0.4
7
4
463001
5
O
18
N.A.
3
7
0.4
6
6
26
*Total number of storms at each station for which a hydrograph and on—site rainfall information existed.
N.A. No hydrographs or rainfall information were available for storms of this amount.
3
0
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iv. Relationship of pollutant load to water load
A frequently noted observation cited in the literature is the first
flush phenomenon, or the occurrence of highly concentrated pollutants in
the early stages of runoff.
It has been most commonly noted for areas of
combined sewers, where the first overflows carry with them high concen-
trations of scoured or flushed deposits.
We have defined first flush to
be when the percent of the total parameter load discharged at any point
in an event exceeds the corresponding percent of total water load discharged.
Analysis of the changes in concentrations of suspended solids (8.8.)
and total phosphorus (T.P.) over 45 events at six stations indicates that
overall, concentrations may or may not shift dramatically or consistently
during an event.
Concurrently, we find only minimal evidence that a first
flush of either 3.8. or T.P. occurs routinely (Table 13a). Further, on a
site by sitebasis, there is no apparent association between the degree of
first flush and the magnitude of the event, i.e., concentrations do not drop
off markedly more over large storms then over small ones.
Analysis between stations indicates that there is not a great deal of
variation between them, with the exceptions of stations 683089 and 413615.
Although they both have a high percentage of connected imperviousness
(44_9 and 43.2% respectively) the former demonstrates the greatest degree
of first flush, while the latter demonstrates a lag of pollutant loads
behind water load in the early storm stages. These differences may be
partially explained by catchment configuration as it relates to the time
of travel. At station 683089, the connected portion of the catchment is
almost square with a short travel time to the outlet, while at station
413615 the catchment is very elongatedresulting in a longer travel time
for water from the upper portions of the drainage area.
The implications of these findings are twofold, and are applicable to
areas with separate sewers or natural drainage ways. First, storage and
treatment of the initial portions of runoff will not remove significantly
more pollutants than the percent of the storm that is captured. Second,
as the amount of pollutants are closely associated with the amount of
runoff, efforts to reduce the amount of runoff will reduce the amount of
pollutants generated.
 
  
 
 
Tabl
e 13
a.
Cumu
lati
ve p
aram
eter
load
by c
umul
ativ
e wa
ter
load
, %
of t
otal
discharged*
Cumulative water load 10% 20% 40% 60% 80%
Cumulative suspended
solids average 10.1% i 22.0% i 45.2% i 67.2% i 85.8% i
8.0 11.5 16.3 17.8 9.7
Cumulative total
phosphorous,average 9.3% i 20.5% i 41.9% i 63.0% i 82.8% i
7.3 11.1 14.6 14.9 8.1
*Results are based on analysis of 53 of the most closely monitored events.
Theintegration program was used to calculate the cumulative parameter loads.
For these calculations, the end of the storm (100% of the water load dis-
charged) is considered to be the time of the last sampling.
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v.
Simulated unit loading data and hazard ranking of land uses
Simulated loadings of suspended solids, total phosphorus and lead
have been used to weight the pollution contribution of various land uses
in the Menomonee River watershed. The simulated loadings are based on an
average soil slope range of 2 to 6%, the prevailing soil type (Ozaukee
silt loam), and dust and dirt accumulation and contamination in urban
areas based on data from national averages.
The output of the simulation exercises was provided by the LANDRUN
model which was developed during this study and reflects the loadings
during an average year.
 
Average ranking factors for suspended sediment, total phosphorus and
lead, based on the 12 major land use categories in the Menomonee River
watershed are given in Table 14. These factors reflect approximate pol~
lutant generation at the sources and are given in units of kg/ha/yr.
The ranking factors for each pollutant for each land use category are
applied in Table 15.' The loading factors presented were obtained by compar—
ing the sum of the products of the ranking factors times the fraction of
land use in the Menomonee River watershed with the actual loadings measured
at the river mouth (70th St.).
A relative degree of hazard scale (impact on water quality) was assigned
to each land use by utilizing an approximate logarithmic scale of loading
factors. Table 15 and Figs. 2, 3 and 4 in graph form provide data showing
the actual amount and percent contribution of each land use to the total
loadings for each of the three pollutants at the river mouth. It should be
pointed out that developing urbanareas, although representing only 2.6% of
the total area of the watershed, contribute Ea 37% and 48% respectively, of
the suspended solids and total phosphorus at the river mouth.
The relative degrees of hazard for the land use activities are inter—
preted on the basis of a logarithmic scale. Thus, for total suspended solids
as an example, the loading factor at the river mouth for wetlands (116 kg/ha/yr)
is_ga 100 times greater than that for forested land and woodlots (1.5 kg/ha/yr)
and is assigned a hazard degree ranking of 3.
The highest unit loading factors for suspended solids and total phosphorus
were for feedlot operations when expressed on a kg/ha/yr basis. Only
developing urban land areas/ approached the same order of magnitude
  
Table 14. Ranking factors (potential erodibility at source) for the land
use categories designated in the Menomonee River watershed
Ranking factors, kg/ha/yr
Land use category Sus. solids Total phos. Lead
1. Industrial 5,100 4.46 6.9
2. Commercial 3,450 1.51 13.2
3. High—density residential 3,650 2.77 5.6
4. Medium—density residential 3,100 2.46 4.2
5. Low—density residential 650 1.05 0.48
6. Land under development 43,700 78.7 0.10
7. Row crops 1,780 3.19 0
8. Pastures and small grains 1,310 2.3 0
83. Park and recreation* 460 0.81 0
9. Forested lands and woodlots 15 0.03 0
10. Wetlands 1,160 2.1 O
11. Feedlots 69,600 250 0
12. Landfills and dumps**
*Park and recreation included in land use category no. 8 in Table 1 is
segregated.
**Excluded because this land use is likely to have a greater impact on
groundwater than on surface water.
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Table 15.
Relative degree of hazard,
loading factors,
loading at river mouth
for suspended
sediment,
total phosphorus and lead for various categories of land use in the Menomonee River
watershed
utilizing unit load values
at the 70th St
(413005) monitoring station
Land use
Unit loads** at
Loading at river mouth
Area for land
Relative degree
category*
river mouth, kg/ha/yr
kg/yr/land use
Z land use
use, 2
of hazard
SUSPENDED SEDIMENT
9
1.5
3,000
0.03
5.6
1
8a
46
73,000
0.68
4.4
2
5
65
271,000
2.5
11.8
2
10
116
124,000
1.2
3.0
3
8
131
1,096,000
10.2
13.7
3
7
178
856,000
8.0
23.7
3
4
310
1,393,000
12.9
12.7
3.5
2
345
2,257,000
21.0
18.5
3.5
3
365
157,000
1.5
1.2
3.5
1
510
312,000
3.0
1.7
3.5
6
4,370
4,000,000
37.2
2.6
5.5
11
6,960
223,000
2.1
0.1
5.5
10,765,000 99.1***
TOTAL
PHOSPHORUS
.
9
0.003
9
0.06
5.6
1
8a
0.08
128
0.87
4.4
2
5
0.10
438
3,0
11.8
2.5
2
0.15
988
6.7
18.5
2.5
10
0.21
225
1.5
3.0
2.5
8
0.23
1,925
13.1
13.7
2-5
4
0.25
1,105
7,5
12.7
2.5
3
0.28
119
0.31
1.2
2.5
7
0.32
1,443
9.8
23.7
2-8
1
0.45
273
1.9
1.7
3.0
‘
6
7.9
7,201
49.0
2.6
4.0
Q
11
25
800
5_5
0.1
5.0
a
14,654 99.1***
LEAD
9
0
0
0
5.6
0
8a
0
0
0
4.4
0
8
O
0
0
13.7
0
10
0
0
0
3.0
O
7
0
0
0
23.7
0
11
0
0
0
0.1
0
6
0.010
10
0.09
2.6
1
f
5
0.048
200
1.8
11.8
2
z
4
0.42
1,887
16
12.7
3
-
3 0.56 240 2.1 1.2 3 E
1
0.69
428
3.8
1.7
3
f
2
1.32
8,635
76
18.5
3.5
I
11,400 99.1*** “
  
*Definitions of land category numbers are shown in Table 1.
category 8—-pastures and small grains——segregated.
since it is expected to impact more on groundwater.
Park and recreation included in
**lOZ delivery ratio was assumed from potential transportable pollutants shown in Table 14.
***Landfill and water areas comprise 0.9% of area of basin.
Category 12-—landfill and dumps——not estimated g
Category 13——water areas——not included.
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Howe
ver,
an e
xami
nati
on o
f Ta
ble
15 c
lear
ly s
hows
that feedlot operations do not represent a significant contribution to the
total river mouth loadings for suspended solids and total phosphorus.
Thus, when considering the relative degreeof hazard, unit area loading
factors and percent loading at the river mouth for each of these pollutants,
care must be taken in interpreting the significance of any given land use
However, the issue is more straightforward when considering lead.
About 80% of
activity.
The unit area loading for lead is highest in commercial areas.
the total river mouth loading of lead originates from commercial property,
traffic corridors and transportion system activities. Thus, the commercial
land use category has the highest degree of hazard, the highest unit loading
and by far the greatest contribution to the total river mouth loading. It
should also be mentioned that the commercial land use category (including
transportation) accounts for ca 19% of the total area of the Menomonee
River watershed. This is the third highest areal land use category (highest
urban category) after row crops and pastures.
By comparing river mouth loadings with loadings generated at the source,
it was possibleto estimate approximate delivery ratios for the Menomonee
River watershed. The delivery ratios for suspended sediment, total phos—
phorus and lead were of the order of 10%, but the weakness of some of the
assumptions make it difficult to establish a precise numerical value. The
delivery ratios are based on comparisons of the monitoring data for a
limited time frame with simulated loadings based on national averages.
Therefore, the delivery ratios represent rough estimates and are not
absolute values.
However this information could have important consequences for the
development of management strategies since a reduction of about 50% in
suspended solids and total phosphorus might be achieved by treatment of
abou
t 5%
of t
he l
and
area
.
Simi
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y,
abou
t 80
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 1]. PHYSICAL CHARACTERISTIQS OF THE WATERSHED
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Table 16. Soil types andphysical characteristics of the 48 subwatersheds of the
Menomonee River watershed for use in the LANDRUN model
 
Trib. subwatershed Principal soil Average Perm., Erodibil. Imperv.,+
No. Area (ha) type,* Z slope, Z cm/hr factor** Z
Upper Menomonee River — No. 673001***
 
12A
430
Palm
s mu
cky
peat
-20
1
9.50
0.25
13
Mixed Ozaukee and
Mequon si1—18 4 4.20 0.35
Theresa sil—18 3 4.20 0.35
Hochheim si1-15 5 4.20 0.45
123
1,20
0
Ther
esa
sil—
25
4
4.20
0.35
6.8
Mayville si1—20 3 4.20 0.35
Hochheim 311-15 7 4.20 0.35
Pella 311-10 1 9.50 0.35
12C
570
Ther
esa
Bil—
21
4
4.20
0.35
8.3
Hochheim 311—14 7 4.20 0.35
Palms mucky peat—12 1 9.50 0.25
Lamartine 311-10 2 4.20 0.35
Houghton mucky peat-10 1 9.50 0.25
12D
980
Ther
esa
311—
20
4
4.20
0.35
2.5
Pella 311-14 1 9.50 0.35
Hochheim sil-12 6 4.20 0.35
12E 1,592 Ozaukee si1-40 5 4.20 0.28
Palms mucky peat-14 1 9.50 0.25
Ash
kum
sic
l—l
O
2
1.2
5
0.2
8
1.3
Upper Menomonee River — No. 683002
10A
620
Ozau
kee
si1-
7l
5
4.20
0.35
23
Palms muck-20 1 9.50 0.25
Ashkum sic1—9 1 4.20 0.28
10B
460
Ozau
kee
511—
68
2
4.20
0.35
5.2
Mequon ail-22 3 4.20 0.35
Hochheim si1-10 6 4.20 0.35
10C
500
Ozau
kee
311—
30
5
4.20
0.35
23
Knowles 511-16 4 4.20 0.35
Ashkum sic1—16 1 1.25 0.28
Palms mucky peat—15 1 9.50 0.25
Mequon 311-11 2 4.20 0.35
10D
1,6
00
Hoc
hhe
im
811
—37
10
4.2
0
0.3
5
6.3
Theresa 311—17 4 4.20 0.35
10E
850
Oza
uke
e 5
11-
35
5
4.2
0
0.3
5
7.9
Houghton mucky peat-15 l 9.50 0.25
Colwood 311-14 1 4.20 0.35
Mequon 311—12 1 4.20 0.35
Knowles 511—12 3 4.20 0.35
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Tablel6 continued
Trib.
subwatershed
Principal
soil
Average
Perm.,
Erodibil.
Imperv.,+
No.
Area
(ha)
type,*
Z
slope,
Z
cm/hr
factor
Z
nger Menomonee River - No. 683001
7A
890
Ozaukee
si1-6O
6
4.20
0.35
21
Mequon
si1—23
3
4.20
0.35
7B
820
Ozaukee
sil-60
6.5
4.20
0.35
11
Mequon
si1—17
2
4.20
0.35
Palms muck—13
1
9.50
0.25
Ashkum sicl-lO
1
1.25
0.28
7C
720
Ozaukee
511-65
4
4.20
0.35
16
Mequon
sil-25
3
4.20
0.35
7D
1,400
Ozaukee
811-55
5
4.20
0.35
17
Mequon si1-32
3
4.20
0.35
7E
300
Ozaukee
311-55
5
4.20
0.35
24
Martinton
si1—17
2
4.20
0.35
Mequon
311—12
2
4.20
0.35
7F
830
Ozaukee
511—50
5
4.20
0.35
12
Mequon
311—25
3
4.20
0.35
7C
1,300
Ozaukee
si1-75
5
4.20
0.35
9.7
Mequon
sil—l3
1
4.20
0.35
7H
230
Ozaukee
311-100
4
4.20
0.28
35
Little Menomonee River - No. 463001
1LA
527
Ozaukee
sil—SO
3
4.20
0.35
4.6
Mequon
si1—13
l
4.20
0.25
Ogden muck-10
1
9.50
0.35
11B
852
Ozaukee si1—50
3
4.20
0.35
4.6
Mequon
311—10
1
4.20
0.35
11C
766
Ozaukee
311-44
3
4.20
0.35
3.1
Ogden
muck—14
l
9.50
0.35
Pella
si1—11
1
9.50
0.35
Little Menomonee River - No. 413011
9
553
Ozaukee si1-39
3
4.20
0.35
44
Mequon
sil-20
3
4.20
0.35
Little Menomonee River — No. 413008
8A
600
Ozaukee si1—67
5
4.20
0.35
27
Mequon
311-22
3
4.20
0.35
SB
840
Ozaukee si1-68
5
4.20
0.35
12
Mequon
si1-20
2
4.20
0.28
Ashkum sicl—12
4
4.20
0.35
8C
1,010
Ozaukee 511-45
4
4.20
0.35
10.5
Sebawa
si1—28
l
4.20
0.35
Mequon
811—13
2
4.20
0.35
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Table 16 continued
 
Tri
b.
sub
wat
ers
hed
Pri
nci
pal
soi
l
Ave
rag
e
Per
m.,
Ero
dib
il.
Imp
erv
.,+
No.
Area
(ha)
type
,* Z
slop
e, Z
cm/h
r
fact
or**
Z
Lower Menomonee River - No. 413007
 
6A
& 6
C
1,4
57
Oza
uke
e s
il-
68
4
4.2
0
0.3
5
31
6B
1,30
8
Ozau
kee
si1—
39
2.7
4.20
0.35
38
6D &
6F
1,10
9
Ozau
kee
sil-
47
2
4.20
0.35
12
6E
975
Ozau
kee
sil—
57
4.3
4.20
0.35
20
Mixed Ozaukee sil and
Houghton muck-29 3.5 4.20 0.35
Lower Menomonee River - No. 413006
4A
790
Oza
uke
e 3
11—
33
1
4.2
0
0.3
5
51
4B, 4C
& 4D
1,99
1
Ozau
kee
sil—
92
2.5
4.20
0.35
42
Lower Menomonee River — No. 413005
3A
326
++
47
3B &
3H
2,33
9
Ozau
kee
si1—
6l
2.5
4.20
0.35
50
3C 224 Ozaukee 511—44 4 4.20 0.35 45
Mequon sil—ll 3 4.20 0.35
3D 605 Ozaukee sil—36 4 4.20 0.35 50
Mequon si1—25 3 4.20 0.35
3E
320
Oza
uke
e s
il—
29
5
4.2
0
0.3
5
44
Mequon 311—18 3 4.20 0.35
Alluvial land—9 1 4.00 0.44
3F
500
Oza
uke
e 3
11—
65
5
4.2
0
0.3
5
45
Mequon 311—30 3 4.20 0.35
3G
142
Mequ
on s
i1—2
6
1
4.20
0.35
52
Ozaukee sil—lO 3 4.20 0.35
Lower Menomonee River - No. 413010
5
17
8
++
54
Lower Menomonee River - No. 413099
2
18
2
++
54
Lo
we
r
Me
no
mo
ne
e
Ri
ve
r
-
No
.
41
30
04
E
1A
1,1
42
4+
66
113
388
++
56
19
304
++
54
*Lo
cat
ion
of
mon
ito
rin
g s
tat
ion
s i
s g
ive
n i
n F
ig.
1 a
nd
Tab
le
2.
**
So
il
ty
pe
s
oc
cu
py
in
g
mo
re
th
an
10
%
of
su
bw
at
er
sh
ed
ar
ea
ar
e
in
cl
ud
ed
.
***
Thi
s
is
the
K
fac
tor
in
the
Uni
ver
sal
Soi
l
Los
s
Equ
ati
on;
as
num
ber
inc
rea
ses
th
e
su
sc
ep
ti
bi
li
ty
to
er
os
io
n
in
cr
ea
se
s.
+Im
per
vio
usn
ess
of
who
le
sub
wat
ers
hed
bas
ed
on
197
5 L
and
Use
s
Inv
ent
ory
by
SEW
PRC
.
++No soil mapped.
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The surface area of soil and sediment particles is determined largely
by particle size, i.e., the surface area increases very rapidly as particle
size decreases. In turn, the surface area determines the quantity of pol—
lutants that can be adsorbed by soil and sediment particles. Thus, the
incursion of soil particles of large diameter (sand-sized particles) into
water—courses will be less detrimental than small diameter particles (clay—
sized particles). In determining the advantages and disadvantages of alter—
nate sediment control measures it is important that the fine materials be
given prime consideration. This section describes the particle size dis—
tribution and composition of the major soil types in the Menomonee River
watershed and the bottom and suspended sediments being carried and deposited
by the Menomonee River (Tables 17 and 18). This information——where com—
bined and compared with information from other pilot watersheds--should
assist those persons having responsibilityfor extrapolating the pilot
watershed informationto the Great Lakes basin and for evaluating the ad—
vantages and disadvantages of alternative remedial measures.
Preliminary results indicate a significant enrichment of clay-sized
particles in the suspended sediment; about a three-fold increase over that
of the surrounding soils (Table 17). The effect of clay enrichment on
pollutant transport can be appreciated by estimating the specific surface
of the soils and the suspended sediment. The average specific surface
calculated for the soils and suspended sediment are 74 and 171 mz/g,
respectively; an increase in potential pollutant transport by more than
two—fold. Particle size distribution (PSD) was determined by ultrasonic
dispersion of soils or sediment without prior removal of organic matter.
The ultrasonically-separated particles were used for the analysis of total
P and metals (Tables 17 and 18). This is the preferred method of disper-
sion if analysis of the above parameters is desired. Contamination
through contact of metal containers and addition of chemical additives as
used in the conventional PSD analysis is avoided. Determination of PSD
in suspended sediment by the U.S. Geological Survey using a chemical
dispersant after organic matter oxidation also showed high amounts of
claysized particles (Table 19).
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Particle size distribution** Total P.
Sample/sample Z Hg/s
10c
ati
on*
San
d
Sil
t
Cla
y
San
d
Sil
t
Cla
y
SOILS***
Ozau
kee
silt
loam
24
57
19
119
241
2,75
7
Mequ
on s
ilt
loan
35
36
29
186
443
2.66
8
Hoc
hhe
im
sil
t l
oam
29
44
27
82
154
1,8
21
Ash
kum
sil
ty
cla
y l
oam
21
44
35
491
397
2,7
75
Pel
la
sil
t l
oam
14
49
37
426
290
1,5
17
The
res
a s
ilt
loa
m
22
62
16
79
128
2,3
36
BOTTOM SEDIHENT
Upper Menomonee River
Fri
est
ad
36
37
27
258
561
1,4
34
Riv
er
Lan
e (
673
001
)
65
19
16
108
490
1,5
64
Men
omo
nee
Fal
ls
27
30
43
365
570
1,6
88
Nor
the
rn
Cro
ssw
ay
67
19
14
180
894
5,5
29
Lil
y C
ree
k
21
46
33
872
1,9
49
4,2
14
Dre
tzk
a C
ree
k
30
23
47
529
700
5,1
15
124
th
5:
(68
300
1)
18
45
37
641
1,8
39
2,9
43
Little Menomonee River
Don
ges
Bay
Roa
d
(46
300
1)
59
25
16
149
~
394
2,0
92
Co
un
ty
Q
Ro
ad
25
25
50
40
4
52
4
1,
55
7
Roa
d F
nea
r R
oad
B
64
19
17
81
290
1,7
82
App
let
on
Ave
(41
300
8)
17
32
51
154
200
426
Lower Menomonee River
Cap
ito
l D
riv
e
46
28
26
128
210
2,2
03
70t
h S
t (
413
005
)
80
8
5
141
418
1,5
84
Fal
k C
orp
ora
tio
n
(41
300
4)
46
33
21
289
1,2
57
2,6
83
SUSPEND SEDlHKN'l‘
Upper Menomonee River
Riv
er
Lan
e (
673
001
)
n.d
.
18
82
n.a
.
1,0
30
4,0
16
Pil
gri
m R
oad
(68
300
2)
n.d
.
19
81
n.a
.
1,3
66
2,0
23
124
th
St
(68
300
1)
n.d
.
28
72
n.a
.
903
2,1
42
Little Menomonee River
Don
ges
Bay
Rd
(46
300
1)
n.d
.
9
91
n.a
.
760
1,7
95
Noy
es
Cre
ek (
413
011
)
n.d
.
6
94
n.a
.
286
1,1
09
App
let
on
Ave
(41
300
8)
n.d
.
17
83
n.a
.
402
1,0
61
Lower Menomonee River
Und
erw
ood
Cre
ek
(41
300
7)
n.d
.
18
82
n.a
.
724
1,3
76
Hon
ey
Cre
ek
(41
300
6)
n.d
.
20
so
n.a
.
861
»
1.7
0.5
70t
h S
t
(41
300
5)
n.d
.
18
82
n.a
.
640
1,4
14
Sch
oon
mak
er
Cre
ek
(1.
130
10)
n.d
.
27
73
ms
.
770
2,1
79
Fal
k C
orp
ora
tio
n
(41
300
4)
n.d
17
83
n.a
.
873
1,1
48
*ST
ORE
T n
umb
ers
of
maj
or
mon
ito
rin
g
sta
tio
ns
in
par
ent
hes
es
**
Sa
mp
1e
s
di
sp
er
se
d
by
ul
tr
as
on
ic
tr
ea
tm
en
t
wi
th
ou
t
pr
io
r
re
mo
va
l
of
or
ga
ni
c
ma
tt
er
.
Clay-size fraction is < 4 pm.
***
App
rox
ima
tel
y
100
soi
l t
ype
s
hav
e
bee
n m
app
ed
in
the
Men
omo
nee
Riv
er
wat
ers
hed
.
Tot
al
are
a
of
wat
ers
hed
is
35,
285
ha
of
whi
ch
26,
712
ha
are
map
ped
by
soi
l
typ
e.
The
soi
ls
lis
ted
con
sti
tut
e
702
of
the
are
a m
app
ed
as
soi
l.
n.d
.
Not
det
ect
ed
,
n.
a.
Sa
nd
fr
ac
ti
on
no
t'
pr
es
en
t
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Table 18. Metal* concentrations in various size fractions of soils and bottom and suspended sediments in
the Menomonee River watershed
Metal, Ug/g
Sample/sample
Pb
Cd
Cu
location**
Sand
Silt
Clay
Sand
Silt
Clay
Sand
Silt
Clay
SOILS***
Ozaukee silt loam n.d. 9.5 58 n.d 0.16 0.78 2.3 17 90
Hequon silt loam
4.7
11
39
n.d
0.25
0.73
4.0
15
82
Hochheim silt loam
5.5
9.8
56
n.d
0.11
0.35
1.8
7.3
41
Ashkum silty clay loam 9.0 14 36 n.d. 0.53 1.24 2.0 27 106
Pella silt loam
9.8
10
39
n.d.
0.23
0.81
1.9
8.2
44
Theresa silt loam
n.d.
6.0
55
n.d.
0.12
0.44
2.1
4.8
36
BOTTOM SEDIMENT
Upper Menomonee River
Friestad
4.1
7.8
25
n d.
0.20
1.3
2.1
9.8
52
River Lane (673001)
7.4
16
41
n.d.
n.d.
0.98
1.9
8.2
44
Menomonee Falls
12
18
55
n.d.
n.d.
0.54
3.6
7.1
38
Northern Crossway
32
101
512
0.08
0.72
3.2
4.1
27
149
Li1y Creek
36
64
438
n.d.
0.31
2.9
9.4
11.8
145
Dretzka Creek
17
55
334
0.11
0.59
2.5
4.1
20
122
124th St (683001)
14
33
208
n d
0.26
1.7
6.7
17
85
Little Menomonee River
Donges Bay Road (463001)
2.5
7.3
36
0.06
0.21
1.1
2.4
8.5
48
County Q Road
9.6
17
25
n.d.
n.d.
0.86
2-8
11
36
Road F near Road 8
4.1
16
65
0.06
0.45
1.6
1.7
8.1
48
Appleton Ave (413008)
20
21
41
n.d.
0.16
0.58
3.0
6.6
29
Lower Menomonee River
Capitol Drive
32
35
115
0.19
0.44
1.8
6.6
13.8
103
70th St (413005)
16
92
487
0.07
0.52
3.8
5.7
42
110
Falk Corporation (413004)
170
412
1,439
1.88
4.98
33
102
219
475
SUSPEND SEDIH'ENT
Upper Menomonee River
River Lane (673001) n.a. n.d. 83 n.a. n.d. 2.4 n.a. 29 37
Pilgrim Road (683002)
n.a.
50
244
n.a.
n.d.
n.d.
n.a.
22
51
124th St (683001)
n.a.
60
204
n.a.
n.d.
0.90
n.a.
19
71
Little Menomonee River
Donges Bay Road (463001) n.a. n.d. 43 n.a. n.d. 0.34 n a 20 47
Noyes Creek (413011)
n.a.
139
166
n.a.
n.d.
0.58
n a
41
41
Appleton Ave (413008)
n.a.
31
63
n.a.
n.d.
0 37
n a
8.3
38
Lower Menomonee River
Underwood Creek (413007) n.a. 348 515 n.a. n.d. 1.7 n.a. 40 78
Honey Creek (413006)
n.a.
158
333
n.a.
0 81
1.4
n.a
39
76
70th St (413005)
n.a.
125
165
n.a.
n.d.
0.88
n.a.
50
70
Schoonmaker Creek (413010)
n.a.
967
1,513
n.a.
n d.
4.4
n.a.
50
104
Falk Corporation (413004)
n.a.
104
118
n.a.
0 77
0.75
n.a
37
69
*Samples have been analyzed for Zn, Fe, Cr, Ni and Mn
**STORET numbers of major monitoring stations in parentheses
***Approximately 100 soil types have been mapped in the Menomonee River watershed.
watershed is 35,285 ha of which 26,712 ha are mapped by soil type.
the total area mapped as soil.
n.d. Not detected
n.a.
Sand fraction not present
 
Total area of the
The soils listed constitute 70% of
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Table 19, Particle size distribution of suspended sediment in the Menomonee River watershed
  
 
Date Time Instantaneous Position on Suspended Particle size distribution,**z
Sample location* collected collected discharge,CMS hydrograph sediment,mg/1 Sand Silt Clay
Upper Menomonee River
River Lane (673001) 2-4-76 1540 0.10 Normal winter flow 54 28 40 32
8-31—76 1545 0.06 Steady flow 26 3 22 75
Pilgrim Road (683002) 8-31-76 1205 0.06 Falling stage 16 1 16 83
9-19-76 1950 0.40 Tail end of event 34 l 21 78
124th St (683001) 2-18-76 1515 9.5 Rising stage 267 4 38 58
7-30—76 2355 1.4 Falling stage 213 1 18 81
7-31-76 0450 2.5 Peak 260 1 32 67
7-31-76 1555 0.57 Falling stage 80 0 22 78
9-15476 1050 0.15 Peak 133 4 41 55
Little Menomonee River
Donges Bay Road (463001) 3-29-76 0850 1.87 Falling stage 224 7 33 70
7-30-76 2135 0.15 Rising stage 221 l 27 72
8—31-76 1430 0.004 Rising stage _ 19 5 43 52
Noyes Creek (413011) 3-12-76 1445 2.8 Falling stage 1,740 2 45 53
7-28-76 0800 0.12 Rising stage 299 2 51 47
7—28—76 1150 0.18 Falling stage 64 2 22 76
9-19-76 1630 0.05 Rising stage 66 2 30 68
Appleton Ave (413008) 2-18—76 1635 3.7 Falling stage 247 2 22 76
7-28-76 1200 0.28 Rising stage 129 2 29 69
7-30—76 2130 2.5 Rising stage 1,140 0 28 72
7-31-76 0345 2.5 Falling stage 1,220 0 16 84
9—15—76 1215 0.02 Steady flow 18 1 15 84
Lower Menomonee River '
Underwood Creek (413002) 2-18-76 1420 3.5 Falling stage *** 3 17 80
2—25—76 1435 1.9 Rising stage 380 4 35 61
Honey Creek (413010) 2-9-76 1605 0.37 Rising stage 1,020 0 5 95
2-12—76 1503 2.3 Peak 796 6 38 56
7—28—76 0850 3.0 Rising stage 389 6 52 42
7-28—76 1220 3.9 Falling stage 31 3 27 70
9-19-76 1815 1.5 Approaching peak 226 5 36 59
9—19-76 2040 1.1 Falling stage 98 2 24 74
Schoonmaker Creek 2-12—76 1300 0.54 Approaching peak 551 2 13 85
(413010) 3-12-76 1446 0.20 Rising stage 330 0 29 71
7-28-76 0810 0.19 Approaching peak 485 l 49 50
7—28-76 0900 0.17 Just after peak 222 O 40 60
9—9—76 0235 2.4 Peak 833 14 52 34
9—9-76 0250 2.3 Just after peak 376 14 44 42
9-9-76 0305 0.93 Falling stage 183 8 38 54
70th St
(413005
)
2-18—76
1230
13.9
Falling
stage
***
7
34
59
3-5-76 1355 55.3 Falling stage 179 24 20 56
3—12—76 1610 19.0 Rising stage 344 9 27 64
3—12—76 1820 22.4 Rising stage 257 4 17 79
7-28—76 1111 5.0 Falling stage 357 2 47 51
7-28-76 1530 2.0 Falling stage 76 4 19 77
7—28—76 1550 1.9 Falling stage 66 3 21 76
7-30-76 2330 14.3 Approaching peak 515 5 41 54
7-31—76 2030 1.3 Falling stage 143 0 6 94
Falk
Corpo
ratio
n (41
3004)
7—28—7
6
1140
0.42
Risin
g sta
ge
233
0
24
76
*STORET numbers of major monitoring stations are in parentheses.
**Sam
ples
dispe
rsed w
ith N
a hex
ameta
phosp
hate
after
oxida
tion
of org
anic
matter
conten
t. C
lay s
ize fr
actio
n is
< 4 p
m as
determined by 0.5. Geological Survey.
***No data.
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Total P and trace metals associated with soils and sediments are con—
centrated in the clay—size fraction (Tables 17 and 18). The amounts of
these elements in the various fractions are in the order of sand<silt<clay.
The distribution of total P and Pb in the various fractions is given in
Table 20. About 70 to 90% of the total P and Pb is contained in the clay—
size fraction. An indication of Pb enrichment in the bottom sediments is
evident for the portions of the river adjacent to more urbanized portions
of the watershed. Such accumulation could be due to localized pollution.
In the past, insufficient consideration has been given to the impor-
tance of particle size distribution in evaluating pollutantcarrying capa—
city of sediments. Using the ultrasound dispersion method, it is possible
to maintain the particles with their associated pollutants intact, thereby
allowing a determination of how much of which pollutant is associated with
a particular particle size fraction.
Because soil and sediment particles form aggregates, dispersion is
essential to determine distribution of primary particles. However, some
aggregates will be more difficult to disperse than others and these will
be more likely to remain as aggregates during the buffeting that they under—
go in their transport from the land to the lake. Thus, stable aggregates
which may have high clay contents—-are likely to behave as much larger
particles in the aquatic system. They will expose less surface area and
will sediment more quickly than particles dislodged from unstable aggregates
and the nutrients and pollutants sorbed by the particles will be less avail—
able to the biota. This may be an indirect method of evaluating availability.
The soil or sediment could be shaken with water to simulate its transport
in the aquatic system and particle size distribution determined (Table 21).
A similar sample could be dispersed completely by ultrasound and particle
size distribution determined. The ratio of these two size distributions
would provide a number which would measure the ease of dispersibility of
a particular soil or sediment (Table 22). This number would then serve
as a ranking factor for nutrient or pollutant availability to the lake
biota.
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Table 20. Distribution of total P and Pb in
various size fractions in soils
and sediment
 
Distribution,* %
Fraction Total P Pb
Soils
Sand 7 9
Silt 16 25
Clay 77 66
Bottom Sediment
Sand 13 11
Silt 19 16
Clay 68 73
Susgended Sediment
Sand 0 0
Silt 9 13
Clay 91 87
*Average of all soils and sediments. Values
are obtained by using the equation:
Z Distribution =
(Mean Z fraction)(Mean concentration in each fraction)
. X 100
2(M
ean
Z f
rac
tio
n)(
Mea
n c
onc
ent
rat
ion
1n
eac
h f
rac
tio
n)
 
 Table 21.
Dispersability, by shaking, of soils in the Menomonee River water-
 
shed
Soils
Time of Ozaukee Mequon Hochheim Ashkum Pella Theresa
shaking (hr) Fraction,*% sil 511 $11 sicl sil 311
1 Sand 51.8 63.3 56.8 45.2 51.4 37.7
Silt 46.3 35.3 41.2 52.4 45.6 60.2
Clay 1.9 1.4 2.0 2.4 3.0 2.1
4 Sand 48.4 64.6 55.5 52.7 50.6 43.0
Silt 48.0 32.3 40.3 43.3 44.6 54.0
Clay 3.6 3.0 4.2 4.0 4.8 3.0
16 Sand 37.6 58.9 46.6 45.6 42.3 34.3
Silt 57.4 37.3 46.8 47.9 50.7 61.6
Clay 5.0 4.4 6.6 6.4 7.0 4.1
32 Sand 41.7 49.8 46.0 45.2 32.7 35.3
Silt 52.2 42.3 45.8 46.5 58.6 60.2
Clay 6.1 7.9 8.2 8.3 8.7 4.6
64 Sand 39.8 54.1 44.8 39.5 32.9 35.6
Silt 52.5 34.5 44.4 50.2 56.7 58.2
Clay 7.7 11.4 10.8 10.2 10.4 6.1
*Sand: 2,000 - 62 um, silt: 62 - 4 pm, clay: < 4 pm
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Table 22. Dispersability of clay-size particles by shaking and ratio
of clay-size particles dispersed by shaking and ultrasonic
 
treatment
Soils
Time of Ozaukee Mequon Hochheim Ashkﬂm Pella Theresa
shaking (hr) sil sil sil sicl sil sil
Claz Disgersed2 Z
 
1 1.9 1.4 2.0 2.4 3.0 2.1
4 3.6 3.0 4.2 4.0 4.8 3.0
16 5.0 4.4 6.6 6.4 7.0 4.1
32 6.1 7.9 8.2 8.3 8.7 4.6
64 7.7 11.4 10.8 10.2 10.4 6.1
Ratio (shaking/ultrasonic)
l 0.10 0.05 0.07 0.07 0.08 0.13
4 0.19 0.10 0.16 0.11 0.13 0.19
16 0.26 0.15 0.24 0.18 0.19 0.26
32 0.32 0.27 0.30 0.24 0.24 0.29
64 0.40 0.39 0.40 0.29 0.28 0.38
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ll. DATA ANALYSIS AND INTERPRETATION FOR
THE HENOIIONEE RIVER WATERSHED
Section
11 of
this document
was
formatted
to
include
that
data
and
information
which
is
particular
to
the
individual
pilot
watershed
investi-
gation.
An
overland
flow
simulation
model
was
developed
for
this
program
and
was
calibrated
and
verified
in
the
Menomonee
River
watershed.
Its
usefulness
in
predicting
loadings
for
other
areas,
e.g.,
Toledo,
is
presently
under
examination.
A
groundwater
study
has
been
conducted
to
measure
the
quality
of
groundwater
in
the
basin
and
to
develop
loading
rates
of
groundwater
to
the
river.
A
model
which
simulates
the
transport
of
conservative
ions
through
a
one-dimensional
groundwater
system
is
currently
being
tested
and
will
be
used
to
model
the
movement
of
chloride
in
several
vertically—oriented
cross-sections.
In
order
to
relate
ground—
water
quality
to
land
use,
a
series
of
land
use/grOundwater
contaminant-
potential
maps
are
being
prepared.
Computation
of
atmospheric
loadings
of
nutrients
and
toxic
elements
for
the
basin
is
underway
and
attempts
will
be
made
to
segregate
sources
of
these
materials.
The
use
of
aerial
imagery
to
classify
land
cover
has
been
evaluated
and
the
potential
for
the
use
of
this
methodology
for
the
transfer
of
Menomonee
River
information
to
other
urban
areas
has
been
tested
for
Toledo,
Detroit
and
Rochester.
Attempts
to
find
a
biological
indicator
of
pollution
in
a
river
system
has,
to
this
point,
met
with
limited success.
The
information
gathered
in
Sections
10
and
11
of
this
report
will
be
compared
with
data
from
other
pilot
watershed
investigations
which,
in
turn,
will
allow
assessment
of
recommendations
on
a
basin-wide
basis.
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A. LAHDRUH MODEL
A variety of models is available for modeling runoff from urban and
nonurban areas, but only a few include pollutant transport. Of the avail—
able models most are either general hydrologic models estimating runoff
quantity from rainfall excess or models that are used for the design of
stormwater overflows in sanitary sewers. It was felt that the development
of a medium—sized hydrologic and sediment transport model would best meet
Task C objectives. The model, under the working code LANDRUN, was developed
to describe the washoff of pollutants from land surfaces. The model can
be used to describe the washoff of pollutants in watersheds under existing
land use conditions or under predicted future conditions.
 
 i. The LANDRUN model and its applicability to watershed studies
 
The
LAND
RUN
mode
l is
a dy
nami
c hy
drol
ogic
tran
spor
t mo
del
whic
h tr
ans—
form
s pr
ecip
itat
ion
into
surf
ace
runo
ff,
inte
rflo
w an
d gr
ound
wate
r aq
uife
r
rech
arge
quan
tity
and
qual
ity.
A sc
hema
tic
conc
eptu
al f
low
diag
ram
of t
he
model is shown in Fig. 5. Most of the model parameters and some inputs,
such
as i
mper
viou
snes
s,
are
rela
ted
to l
and
use
with
in t
he m
odel
ed w
ater
—
shed.
A soil adsorption model applicable to phosphorus, pesticides and toxic
elements is incorporated as a subroutine into LANDRUN. The parameters of
the model are related to such soil characteristics as pH, and clay and
orga
nic
matt
er c
onte
nts
and
the
inpu
ts a
re i
nfil
trat
ion
rate
, so
il m
oist
ure
cont
ent,
evap
otra
nspo
rtat
ion,
fert
iliz
er a
ppli
cati
on a
nd a
moun
t of
the
modeled substance removed by growth and harvesting of crops. The output
from
the
subr
outi
ne i
s th
e am
ount
of p
ollu
tant
s ad
sorb
ed o
n to
p so
il p
ar—
ticles, quantity of dissolved pollutants removed from the top soil and the
amount of dissolved pollutants in the interflow and groundwater recharge.
As mentioned earlier, the model can be used to predict the washoff of
pollutants from the land surface in a watershed under existing or future
land
use
cond
itio
ns.
Use
of t
he m
odel
free
s th
e in
vest
igat
or f
rom
temp
oral
constraints in that long term rainfall data can be used to generate washoff
for an "average year".
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 B. GROUNDWATER
Groundwater
discharges
to the Menomonee
River accounted
for
50%
of
the base flow during the fall of 1977, 65% of the base flow during the
winter of 1976-77,
and 35% of the base flow during the spring of 1977.
The
groundwater
contribution
to base
flow
in the
river
is
shown
in
Fig.
6
for the fall of 1976.
Summer groundwater flow data will be available for
the final draft.
Most of the groundwater discharge to the river occurs along the Lower
Menomonee River,
from 124th Street to 70th Street.
Groundwater discharges
along this reach account
for 50 to 65% of the total groundwater contribu—
tion to the river.
An almost negligible volume of groundwater was discharged into the
Menomonee River along the reach from Pilgrim Road to 124th Street.
Approx-
imately 3 miles of the 5 1/2 mile stretch of the river in this area is
losing water to the shallow aquifer
(Fig.
6).
This situation likely results
from large withdrawals of groundwater from wells located near the Menomonee
River.
In this area groundwater levels are below river elevations and this
portion of the stream receives discharges from three sewage treatment plants.
The general groundwater quality within the basin is good.
Toxic metal
concentrations are < 0.1 ug/l.
Nutrient levels are generally low with con-
centrations of phosphorus and nitrate—nitrogen often below detection limits.
Bacterial contamination was found where sanitary sewer lines cross or run
parallel to the river.
Chloride and sulfate concentrations were twice as
high in groundwater as in the surface baseflow water for the lower part of
the watershed.
The loading rates of groundwater to the river for the fall of 1976 are
presented in Table 23.
The loading rates for all seasons monitored will be
compiled for the final draft.
The river reach from Station 683001 to 413005
had the largest groundwater loading rates to the river for all parameters.
The relative importance of the groundwater loading to the river baseflow
loading will be determined after river baseflow loadings are available.
The groundwater contribution during most events is considered to be insig—
nificant.
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to
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ca
lc
ul
at
ed
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A model which simulates the transport of conservative ions such as
chlo
ride
and
nitr
ate
thro
ugh
a on
e-di
mens
iona
l gr
ound
wate
r sy
stem
is c
ur-
rently being tested. It will be used to model the movement of chloride
in several vertically oriented cross sections. Field data suggest that
chloride concentrations in groundwater appear to be directly related to.
land use loading rates while concentrations of other ions are either
rela
tive
ly l
ow o
r no
t di
rect
ly r
elat
ed t
o la
nd u
se p
atte
rns.
Ther
efor
e,
atte
ntio
n wi
ll b
e co
nfin
ed
to m
odel
ing
chlo
ride
conc
entr
atio
ns.
Simu
late
d
conc
entr
atio
ns w
ill
be c
ompa
red
with
fiel
d me
asur
emen
ts.
Inst
ruct
ions
will
be presented for applying the model to other watersheds.
In order to relate groundwater quality to land use, a series of land
use/groundwater contaminant potential maps are being prepared. These maps
note the locations of industrial, agricultural and residential activities
which may affect ground and receiving surface water quality. Information
on the surrounding geologic and hydrologic settings and the history of
operations at these sites was developed as was a methodology to rank con-
taminant potentials between sites.
The contaminant potential sheets currently being prepared fit in the
following categories:
. Existing areas of high, medium and low density septic tank use.
Areas of septic tank use projected for the year 2000.
Solid waste disposal areas that have been active for the last 25 years.
J
-
‘
w
N
H
. Miscelianeous waste processing facilities; industrial waste water dis-
posal, sewage sludge spreading sites, possible sewer line leakage zones.
5. Current agricultural crOpland areas.
6. Agricultural cropland areas projected for the year 2000.
7. Animal feedlot areas.
8. Liquid and solids storage and transport; metal salvage yards, road salt
storage areas, oil terminals, pipelines, rail yards, etc.
9. Highway and street runoff areas.
10. Residential lawns.
A table which will summarize information on groundwater quality as related to
land use will be prepared for the final report.
 
  
C. ATMOSPHERIC MONITORING
The Menomonee River watershed is characterized by five major land use
types: heavy industrial, residential, transition—urban, mixed rural and
rural. Suspended particulate and rain samplers were located in each of
these areas to elucidate local effects on air pollutant levels (Fig. 1).
Average total suspended particulate concentrations can be ranked by
station from highest to lowest: Falk Corp. (413004), 70th St. (413005),
Appleton Ave. (413008), River Lane (673001) and Donges Bay (463001)
corresponding to the above listing of land use types (Table 24). In a
distance of less than 15 miles the total suspended load decreases by 50%
from Falk Corp. (413004) to Donges Bay (463001). However, concentrations
measured at Donges Bay (463001) are undoubtedly influenced by the proximity
of local urban emission sources during certain wind conditions. The
average background level of suspended particulate matter for this area is
thought to be 40 ug/m3.
A11 stations exhibit similar trends in the suspended load from one
sampling interval to the next. This is even true for the two most distant
stations; Falk Corp. (413004) and River Lane (673001) (Fig. l). A combina-
tion of two phenomena contribute to the region—wide trends. Large air
masses, with a characteristic pollutant load, influence background
suspended concentrations at all the stations. Of equal importance are
meteorological conditions affecting the dispersion of pollutants across the
whole watershed.
The high concentrations observed at Falk Corp. (413004)
are quite obviously of local origin.
In addition, local mixing height and
wind conditions play a major role in the observed temporal trends.
Suspended dust concentrations in themselves are of importance for
human health reasons.
For assessing the impact of airborne pollutants on
water quality, deposition calculations must be made.
Of the heavy metals
and nutrients studied in this project, only lead and possibly phosphorus
have significant atmospheric inputs to the watershed relative to weathering
and point sources at the surface.
Rain samplers allow measurement of concentration and hence direct
calculation of input for lead and phosphorus.
Table 25 lists the mean
concentrations in rain for several constituents including lead and phos-
phorus.
Dry deposition is a function of suspended concentration and
deposition velocity of the particles.
For lead this velocity is about
61
Tab
le
24.
Ran
kin
g*
of
sta
tio
ns
by
tot
al
sus
pen
ded
par
tic
ula
te
concentrations, ug/m3
 
Fal
k C
orp.
>
70t
h S
t.
>
App
let
on
Ave.
>
Riv
er
Lan
e
>
Don
ges
Bay
(41
300
4)
(41
300
5)
(41
300
8)
(67
300
1)
(46
300
1)
87.
2
——
——
51.
3
44.
0
*Th
e r
ela
tio
nsh
ip
hol
ds
tru
e f
or
23
sam
pli
ng
int
erv
als
;
not
all
sta
tio
ns
had data for same intervals.
Table 25. Mean* concentrations in rain for
several constituents, ppb
PB P Na Ca Mg Cd
32 13.6 120 800 280 3.74
*Mean concentrations of all data from all
stations.
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0.1
cm/sec
(Dovland
and
Eliasson,
1976).
A
value
for
particles
containing
~phosphorus is uncertain.
Based
on
a
mean
concentration
of
30
ug/l
and
an
annual
precipitation
total
of
30
inches,
lead
loading
to
the
watershed
by
rain
alone
is
calcu—
lated
to
be
230
g/ha/yr.
The
dry
deposition
rate
for
lead
is
approximately
180
g/ha/yr
based
on
these
studies
and
those
of
Hudson
et
a1.
(1975)
and
Andren
et
a1.
(1977).
Overall,
lead
enters
the
watershed
via
the
atmos-
phere
at
a
rate
just
over
400
g/ha/yr
or
1.4
x
10'“
kg/yr.
From
the
work
of
Benninger
et
al.
(1975)
it
is
evident
that
virtually
all
lead
is
sequestered
by
soil
particulate
matter,
precluding
any
significant
dissolved
concentrations
in
the
river.
Hence,
atmospherically
derived
lead
would
not
be
expected
to
reach
the
river
unless
it
was
deposited
on
an
impervious
surface.
Approximately
20%
of
the
watershed
is
impervious
(roads,
roofs,
etc.).
During
the
winter,
when
the
ground
is
snow-covered
and
frozen,
the
percent
imperviousness
is
taken
as
100%.
With
these
conventions,
a
calculation
shows
that
45%
of
all
deposited
lead
reaches
the
river.
This
is
probably
an
overestimation
since
many
impervious
surfaces
are
not
connected.
Further,
since
most
of
the
lead
will
associate
with
particulate
matter
in
the
river,
a
very
small
fraction
of
atmospheric
lead
reaches
Lake
Michigan
via
the
river.
This
is
not
to
imply
that
no
local
problems
of
high
lead
concentrations
exist.
Indeed,
in
strictly
urban
land
use
areas,
up
to
80%
of
the
surface
is
impervious.
Additionally,
these
areas
are
subject
to
the
highest
emission
rates
of
lead
(from
automobile
exhaust).
Hence,
total
lead
concentrations
in
street
runoff
can
be
extremely
high.
63
Andren, A. W., S. Eisenreich, F. Elder, T. Murphy, M. Sanderson and
R. J. Vet. 1977. Atmospheric Loadings to Great Lakes.
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D.
LAND
COVER
CLASSIFICATION
FRON
AERIAL
IMAGERY
The
project
is
an
investigation
of
the
feasibility
of
interpreting
land
cover
information
-—
obtained
by
high
altitude
aerial
imagery
—~
for
input
into
the
LANDRUN
hydrological
model.
Techniques
developed
involve
digitizing
the
imagery,
calibrating
the
digital
imagery,
and
classifying
the
data
into
a
number
of
land
cover
classes.
The
results
of
the
inves—
tigation
have
not
been
used
directly
in
the
model
but
rather
a
comparison
was
made
of
traditional
methods
of
interpreting
land
cover
with
these
techniques
for
application
to
other
urban
watersheds
in
the
Great
Lakes.
Two
sub-watersheds
in
the
Menomonee
River
basin
were
chosen
to
test
these
techniques,
namely,
the
Schoonmaker
and
Noyes
Creeks
sub-watersheds.
High
altitude
imagery
(scale
1:120,000)
flown
by
NASA
was
digitized
with
a
ground
resolution
of
6
meters
square.
Land
cover
was
classified
in
each
watershed
and
compared
with
human
photo—interpretation
and
data
supplied
by
SEWRPC.
A
summary
of
the
classified
data
is:
 
Landcover
Schoonmaker
Cr.
Noyes
Cr.
Impervious
63.6%
38.0%
Vegetation
25.4%
50.0%
Forest
0%
3.7%
Transition
10.7%
3.3%
Water
0%
0.05%
Unclassified
0.3%
4.95%
W7. Tcﬁiz
Since
impervious
surfaces
in
urban
areas
are
deemed
to
be
the
most
important
land
cover
class,
the
table
shows
the
results
for
this
class.
The
computer
classification
included
five
landcover
classes:
impervious
surfaces,
tree
cover,
crop
land,
other
vegetation
and
water.
Three
other
urban
watersheds
were
investigated
using
this
technique.
Imagery
(scale
of
1:130,000)
of
Detroit-Windsor,
Toledo,
and
Rochester
were
acquired
from
the
EROS
Data
Center,
Sioux
Falls,
S.D.
In
these
cases,
NASA
had
not
properly
calibrated
the
imagery
and
the
classification
accuracy
65
dro
ppe
d t
o 8
0 t
o 8
5%
fro
m 9
5%
for
the
dig
ita
l c
las
sif
ica
tio
n i
n t
he
Meno
mone
e wa
ters
hed.
The
data
have
indi
cate
d th
at i
t is
poss
ible
to u
se
high
alti
tude
imag
ery
to o
btai
n la
nd c
over
info
rmat
ion
for
othe
r ur
ban
watersheds and the technique could be used for land cover classification
and modeling of urban watersheds throughout the Great Lakes basin.
     
 
  
  
E. BIOLOGICAL MONITORING
Macroinvertebrates
spend
all
or
part
of
their
life
in
streams
and
rivers
associated
with
the
bottom
sediments.
They
are sensitive
to
changes
in water
quality
and
can be used
as
long
term in
situ
indicators
of water
quality.
Diversity indices,
describing
the macroinvertebrate
community
structure,
have
been used
to locate
municipal/industrial
point
sources
of
pollution
(Gaufin
and Tarzwell,
1956).
Gislason
(1971)
used
a
diversity
index
to
define
an
area
with
point
and
non—point
urban
pollution
and
heavy
agricultural
pesticide
inputs.
Hilsenhoff
(1977)
developed
a
biotic
index
to
assess
water
quality
by
assigning
quality
values
to
macroinvertebrates.
Diversity
and
biotic
indices
were
used
in
this
study
to
differentiate
the
aquatic
populations
affected
by
non—point
agricultural
and
urban
pollution.
The
major
land
use
activities
surrounding
each
site
were
determined
and
stations
arranged
in
order
of
increasing
urbanization
(Table
26).
The
trend
of
increasing
urbanization
is
generally
from
upstream
to
downstream
except
for
Noyes
Creekwhich
is
an
urbanizing
area
located
in
the
agricul—
tural
portion
of
the
Little
Menomonee
watershed.
Sampling
of
the
macroinvertebrate
population
was
undertaken
on
November
8-9,
1976
and
May
12-13,
1977.
Surber
samplers
were
used
to
collect
organisms
in
riffle
areas
ranging
from
upstream
agricultural
area
of
the
Little
Menomonee
River
(463001)
to
the
urbanized
region
of
the
mainstem
(413005)
(Fig.
7).
The
May
sampling
included
additional
sites
at
673001A
and
673001.
The
November
samplingrevealed
that
the
Little
Menomonee
River
agricul—
tural
sampling
site
(463001)
had
the
highest
diversity
value
(Table
26).
Based
on
the
classification
scheme
proposed
by
Wihlm
and
Dorris
(1968),
sites
with
diversity
values
<
1
are
heavily
polluted
and
those
>
3
are
clean.
Thus,
site
463001
is
the
only
station
that
can
be
considered
clean
according
to
these
criteria.
The
next
two
agricultural
sites
have
patchy
deposits
of
creosote
in
the
sediment
(EPA,
1977).
In
1973,
an
attempt
was
made
to
remove
the
creosote-contaminated
bottom
sediment
from
site
413011A.
The
cleanup
stoppedjust
before
site
4130113.
The
predominant
oligochaete
population
at
413011A
yielded
an
index
value
indicating
heavy
pollution.
The
increase
in
diversity
further
downstream
indicates
possible
recovery
but
all stations,
agricultural
and
urban,
have
values
which
imply
moderate
pollution.
The
exception
was
an
urban
site
(4130063)
with
a
value
<
1.
Table
26.
Diversity
and
Biotic
Index
Values
for
samuling
sites in
order of
increasin
g urbaniz
ation
 
STORET
Urban:Agricu1ture
Diversity
Index
Biotic
Index
number
Location
1
Ratio
November
1976
May
1977
May
1977
A
g
r
i
c
u
l
t
u
r
a
l
673001A
Freistadt
Rd.
and
STE
145
14:86
-**
2.50
3.83
673001
Riverlane
Rd.,
Hwy
F
14:86
-**
2.27
4.24
463001
*Donges
Bay
Rd.
14:86
3.30
1.50
3.83
413011A
*9lst
and
Goodhope
Rd.
20:80
0.81
1.20
3.75
4130113
*Mill
and
Fond
du
Lac
Ave.
34:66
2.79
1.10
4.11
Urban
413006A
Above
Honey
Creek
(November
sampling
72:28
1.31
0.13
4.70
91
meters,
May
385
meters)
4130063
Below Honey Creek (91 meters)
72:28
0.66
1.30
4.70
413005
70th Street Bridge
72:28
1.49
1.20
4.50
413011
*Noyes Creek
74:26
2.07
0.60
4.06
413006
Honey
Creek
80:20
1.37
0.00#
0.00#
*Little
Menomonee
River
**Not
sampled
in
Nov.
1976
#No
organisms
found
6
7
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Fig. 7 Menomonee River watershed showing biological monitoring sites
and modification of the river channel.
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There is a general decrease in the number of macroinvertebrates toward
the
urba
n ar
ea e
xcep
t fo
r th
e tw
o tr
ibut
arie
s,
Noye
s Cr
eek
and
Hone
y Cr
eek.
Noyes Creek contained an extremely high number of isopods and Honey Creek
had
a la
rge
popu
lati
on o
f ol
igoc
haet
es.
Othe
r th
an N
oyes
Cree
k, i
n ar
eas
of t
he w
ater
shed
that
were
at l
east
70%
urba
n an
d/or
had
a po
int
sour
ce o
f
poll
utio
n, t
he s
ampl
es w
ere
90%
olig
ocha
etes
, ch
iron
omid
s an
d ga
stro
pods
.
The greatest abundance of macroinvertebrates as well as the highest
div
ers
ity
ind
ex
val
ues
wer
e o
bta
ine
d a
t t
he
nor
thw
est
Men
omo
nee
Riv
er
agr
icu
ltu
ral
sit
es
dur
ing
the
May
sam
pli
ng.
Acc
ord
ing
to
Wih
lm
(196
8)
the
se
sit
es
are
rat
ed
as
mod
era
tel
y p
oll
ute
d.
The
upp
erm
ost
sit
e (
673
001
A)
sup
por
ted
Bae
tis
, H
ydr
ops
ych
e a
nd
Chi
ron
omi
dae
.
Bel
ow
a g
olf
cou
rse
(67
300
1),
the
com
mun
ity
was
pre
dom
ina
tel
y S
imu
liu
m,
Dug
esi
a a
nd
the
pol
lu-
tio
n t
ole
ran
t c
hir
ono
mid
, G
lyp
ote
ndi
pes
.
At
the
Lit
tle
Men
omo
nee
Riv
er
ups
tre
am
agr
icu
ltu
ral
sit
e (
463
001
) h
alf
the
num
ber
of
mac
roi
nve
rte
bra
tes
wer
e f
oun
d b
ut
its
div
ers
ity
val
ue
sti
ll
pla
ced
it
in
the
mod
era
tel
y
pol
lut
ed
cat
ego
ry.
The
dat
a s
how
s t
hat
Hon
ey
Cre
ek
(ma
cro
inv
ert
ebr
ate
s
abs
ent
),
Noy
es
Cre
ek
and
413
006
A a
re
hea
vil
y p
oll
ute
d.
All
oth
er
sta
tio
ns
wer
e m
ode
rat
ely
pol
lut
ed.
Acc
ord
ing
to
the
bio
tic
ind
ex,
all
sta
tio
ns
are
rated as grossly polluted since index values exceed 3.75.
Sin
ce
mac
roi
nve
rte
bra
tes
wer
e o
nly
ide
nti
fie
d t
o g
ene
ra
and
chi
ron
omi
ds,
oli
goc
hae
tes
and
gas
tro
pod
s w
ere
tre
ate
d a
s t
hre
e g
rou
ps
the
sen
sit
ivi
ty
of
the
se
ind
ice
s w
as
imp
air
ed.
How
eve
r,
eve
n i
f t
axo
nom
ic
ide
nti
fic
ati
on
had
bee
n p
erf
orm
ed
to
the
spe
cie
s l
eve
l,
rel
ati
ve
rat
ing
of
the
sta
tio
ns
wou
ld
likely not be changed.
The
div
ers
ity
and
bio
tic
ind
ice
s c
an
loc
ate
are
as
of
dis
tur
ban
ce
but
can
not
dif
fer
ent
iat
e s
pec
ifi
c i
mpa
cts
of
maj
or
lan
d u
se
cat
ego
rie
s o
n
mac
roi
nve
rte
bra
te
com
mun
iti
es.
Due
to
the
rel
ati
ve
ins
ens
iti
vit
y o
f
the
in
di
ce
ca
lc
ul
at
io
n
as
ap
pl
ie
d
in
th
is
st
ud
y,
va
lu
es
ob
ta
in
ed
in
mo
de
ra
te
ly
po
ll
ut
ed
ag
ri
cu
lt
ur
al
ar
ea
s
wi
ll
be
si
mi
la
r
to
th
os
e
ar
ea
s
wi
th
mo
de
ra
te
urb
an
pol
lut
ion
eve
n
tho
ugh
the
mac
roi
nve
rte
bra
te
gen
era
may
be
dif
fer
ent
.
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12. RELATIONSHIP TO PLUARG OBJECTIVES
The program developed by PLUARG is designed to assess pollutional
loadings to the Great Lakes including their magnitude, source andeffect
on the water quality of the lakes.
This assessment must eventually
provide recommendations of technically—feasible, cost—effective remedial
management alternatives for land—derived pollution control.
The pilot
watershed studies were designed to allow detailed monitoring of all major
land uses in the Great Lakes basin.
The Menomonee River Pilot Watershed
Study deals with those land uses in a highly developed urban setting
(southern part of the watershed) and in a rapidly urbanizing area (northern
part of the watershed).
Methodology has been developed in the Menomonee study which permits
extrapolation to each of the municipal centers in the Great Lakes basin.
Presently, tests are being conducted on the Toledo watershed to determine
what amendments to the model must be made for different geographical
regions. Primary information about the watersheds that is needed to
conduct assessments are: land use, topography, climatological and some
water quality data. Methods to determine land use and degree (Z) of
imperviousness in an urban area by remote sensing have been developed in
the Menomonee and tested satisfactorily in the Detroit, Rochester and
Toledo areas. Furthermore, the predictability of the LANDRUN model based
on extrapolation of unit area loads for one urban and two agricultural
watersheds (1,000 to 1,800 ha in size) in the Canadian Grand River water-
shed will be used to test transferability and extrapolation of the
Menomonee River watershed data and methodology and will be compared to
loadings obtained from monitoring data.
Simulated unit area loadings have beendeveloped for 12 land uses and
a relative hazardscale was established. Since the hazard scale was devel—
oped logarithmically —- i.e., a land use with a hazard scale of 2 has a tenfold
greater unit area load than a land use of scale 1 -— it should be applicable
~to the entire Great Lakes basin. Thus, it would be possible to define the
minimum area to be treated in a watershed to achieve a predetermined
reduction in loading. Furthermore, point source loadings could be super-
imposed on these calculations 3? that for a series of reductions in point
sources (e.g., 25, 50 and 752), the amount of reduction in dispersed
  
   
   
source loadings could be calculated to achieve particular percentage
reductions
in
total
load
at
the
river
mouth.
The
impact
of reductions
in
the
river
mouth
loadings
required
to
impact
on Great
Lakes
water
quality
must
be
assessed.
This
assessment
should
take
into
consideration
that
pollutant
loadings
for
different
parameters
are
not
closely
correlated
with
one
another
and
decisions
will
have
to
be
made
not
only
quantitatively
but
also
qualitatively
——
i.e.,
to
what
extent
should
an
attempt
be
made
to reduce
each
particular
pollutant.
For
example,
if
a reduction
of
40
to
50%
in
suspended
sediment
and
total
phosphorus
could
be
made merely
by
treating
construction
sites,
industrial
manufacturing
and
extractive areas
and
high
density
feedlots
(5%
of
land
area),
one
would
then
have
to
make
5
decisions
on
reductions
in
river
mouth
loadings
of
lead
since
treatment
of
the
5%
of
the land
area
would
achieve
only a
3%
reduction
in lead loadings.
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13. REMEDIAL MEASURES RECQf’lf'lENDATIOHS
i. Qualitative recommendations for the Menomonee River basin
In the Menomonee River basin, two major rural sources of suspended solids
and phosphorous, amenable to cost effective pollutant reduction measures, are
feedlots and row crops.
Control measures in the urban and urbanizing areas can be directed at
either preventing pollutants from entering stormwater, removing pollutants
that have entered stormwater, or reducing the amount of stormwater and hence
the associated pollutants. Where desired, the selection and application of
appropriate techniques depends largely upon hydrologic considerations, i.e.,
whether the area is serviced by combined or separate sewers or natural
drainageways, or if it is in a state of development.
Developed urban areas
In areas with separate storm sewers, the costs of stormwater collection
and treatment, or of reducing surface runoff are likely to be prohibitive.
Consequently, best management practices are likely those that prevent pol-
lutants from entering stormwater. Alternative methods of stormwater improve-
ment are as follows:
Street sweeping, because of the high costs involved, the rapid build—up
of street surface contaminants following sweeping and the poor removal
efficiencies of the highly contaminated smaller particles, does not appear
to be a cost effective method of improving runoff quality. It is more
 
effective and appropriate however for spring cleanup and during spring seed
fall and autumn leaf drop.
High levels of chlorides in winter runoff can be reduced through
limited salt application, prewetting with liquid calcium chloride, and
adequate coveringof stockpiles. A reduced salting program however will
likely require the increased use of abrasives.
The increased volume and peak flow of runoff that occurs with urbaniza—
tion often causes streambank erosion. This may be a significant source of
sediment in streams and can be curtailed.
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individuals if they are aware of how their actions affect water quality. To
this end, an informational program can be pursued at low relative costs. An
additional benefit of such a program would be the generation of support for
wider scale public programs. Local public officials and professionals could
also be identified for programs of different levels of sophistication.
In combined sewered areas, federal mandates require comprehensive con—
trols of combined sewer overflows. Generally, some form of storage and
treatment appears preferable to sewer separation. In the interim, while
awaiting the implementation of such a program, several strategies in
addition to those above may be applicable.
Dry weather street flushing can transport street surface contaminants
to local treatment facilities. Dry weather sewer flushing may dislodge line
deposits, thus allowing for their treatment, otherwise, deposits are likely
to be flushed by stormflows and discharged in overflow. Where overflow
regulators are in need of replacement, special concentrating devices can
direct a heavily concentrated flow to treatment facilities while dis—
charging a less concentrated flow.
Developing and redeveloping areas
A principle concern in construction areas is adequate erosion and
sediment control. Although theoritical controls of 90 - 99% are possible,
actual applications are typically somewhat less efficient. Again it is
the small, heavily polluted particles that are not apt to be controlled.
While the costs of erosion and sediment control would likely be internalized
by the developer or buyer, in the absence of such controls, the costs would
be externalized to the community.
It is in developing andxedeveloping areas that the third approach to
stormwater pollution control finds its full potential. A high correlation
exists between the amount of connected impervious area, the amount of run—
off and the pollutant load generated. Rather than trying to remove storm—
water as quickly and efficiently as possible, an emerging approach to
stormwater management seeks to maximize infiltration and to delay the surge
of runoff, spreading it over a longer period of time. The reduction in the
amount of runoff will reduce the resultant generation of pollutants, erosion
of streambanks and downstream flooding. Peak flow reduction will minimize
the necessary carrying capacities of the stormwater conduits, and resultant
streambank erosion and downstream flooding.
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ii. Quantitive recommendations for the Menomonee River Basin
Based of Land—Run derived unit loads and 1975 land use data, the following
loads are generated.
   
SOURCE S.S. (kg/yr) % OF TOTAL T.P.(kg/yr) Z OF TOTAL
Point Sources 90,500 1 13,800 47.7
Development 4,000,000 33.1 7,201 24.9
Row crops 1,612,000 13.3 2,899 10.0
Feedlots 223,000 1.8 800 2.8
Other 6,130,000 50.8 4,232 14.6
Total 12,055,500 100 28,932 100
25% 3,013,875 7,233
40% 4,822,200 11,573
60% 7,233,300 17,359
Control Methods
SOURCE EFFICIENCY AMT.CONTROLLED (kg/yr) TOTAL DOLLARS
S.S. T.P. S.S. T.P.
Point Sources —— 75% —— 10,350 ?
Development * 70% 50% 2,800,000 3,600 2,290,000/yr
Row Crops ** 50% 40% 806,000 1,160 181,200/yr
Feedlots *** 100% 100% 223,000 800 360,000 one time
TOTAL REDUCTIONS (kg/yr) 3,584,370 13,882
% OF TOTAL 35.7% 51%
TOTAL COSTS = Cost of point sources + $2,290,000/yr + $360,000
* Controls of 916 ha at $2,500/ha, S.S. is a literature value, T.P. an estimate.
** Controls (contour plowing and strip cropping) on 80% of row crops (more
than 2% slope) at $25/ha. Acreage and efficiency of S.S. is a SEWRPC
figure, T.P. efficiency is an estimate.
*** Controls on all 36 feedlots within 2000 feet of a stream, at $10,000 each.
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iii. Qualitative recommendations for the Great Lakes Basin
1. The identification of the pollutant parameters, and of those areas
within the lakes where those parameters exert, or will likely exert, a
critical impact upon water quality, are prerequisites to any remedial
planning.
2. Control management strategies for dispersed pollutional loadings
should always be developed to control the pollutant at the point in the
system where it exhibits its highest concentration. It is at this point
that the cost of treatment will generally be at a minimum.
3. For those parameters identified, an assessment of the contributions
of point sources and their probable reductions, coupled with total levels
of reductions sought, will indicate the likely degree of non—point
reductions needed.
4. Based upon unit loadings and present water quality, large tracks of
land in the Great Lakes Basin will require little or no non-point
control unless major land use changes occur in the future. At first
approximation, these likely include the entire L. Superior basin, most
of L. Huron, and significant portions of L. Michigan and L. Ontario.
5.
If land derived sediment and phosphorus loadings to L. Erie are
generated relatively uniformly over the L. Erie basin, extensive control
measures may be warranted.
6. Cost effectiveness of pollution control are generally highest at those
locations where or times when pollutants are most concentrated.
These
typically include point source discharges, construction sites, vehicular
emissions, autumn leaf drop, etc....
7. Where non—point reductions are needed to achieve desired water quality,
local drainage areas should be assessed for sub-areas within them which
are generating significantly higher levels of pollutants.
Control within
these "hot—spots" will likely return the greatest results for the dollar.
8. Rapid reductions in the use of leaded automobile fuels, as well as
improved emission control technology, will nearly eliminate the non-point
source lead input into the Great Lakes over the next decade.
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